Introduction
Degradation of groundwater quality, including salinization has become an increasingly 46 serious global problem in coastal aquifers worldwide in recent years. With rapid economic development, population growth and increasing demand for fresh water resources, extensive reported as δ (‰) difference from the standard with an analytical precision of better than or 177 about ±0.4‰. 178 179 To further investigate the hydrochemical behaviour of major cations and diagnose the 180 processes modifying hydrochemical composition of groundwater in the aquifer, ionic delta 181 values were calculated. The delta values express enrichment or depletion of particular ions 182 relative to a conservative mixing system. These have been used in previous studies as 183 effective indicators of groundwater undergoing freshening or salinization, along with 184 associated water-rock interaction processes (primarily cation exchange -e.g., Appelo, 1994) . 185 Based on variations of molar Cl/Br ratios and major ions in groundwater (section 5.1), we 186 have ruled out significant sources of Clother than meteoric and oceanic inputs. It is assumed 187 in these calculations that there is no chloride input from salts in the aquifer matrix itself, and 188 that Cl can be regarded as the most conservative species during mixing and hydrochemical 189 evolution. The fraction of seawater (f sea ) in a groundwater sample can thus be calculated (1) 192 where C Cl,sam , C Cl,fresh , and C Cl,sw refer to the Cl concentration in the sample, freshwater, and 193 seawater, respectively.
Ionic deltas and mixing calculations
The theoretical concentration (C i,mix ) of an ion i in a water sample can be calculated by 195 comparing the measured concentration of this ion with its expected composition from 196 conservative mixing between seawater and freshwater (Appelo and Postma, 2005) :
where C i,sam and C i,f -the measured concentration of the ion i in the water sample and 199 freshwater, respectively; f sw -fraction of seawater. The ionic deltas (ΔC i ) of ion i can thus be 200 obtained by:
The ionic delta values are plotted in Fig. 3 Some brackish groundwater (QG2 and QG10) from the Quaternary aquifer also shows these 267 characteristics ( Fig. 5 ). In general, the δ 34 S SO4 values increase with correspondingly lower 268 SO 4 /Cl ratios in the direction of the coastline.
Discussion

270
A number of geochemical processes control the evolution of groundwater in the study 271 area. Some of these processes show evidence of taking place in both carbonate and 272 Quaternary aquifers, while others are more confined to one of the aquifers. The major 273 hydrochemical processes inferred from the data are summarized in Table 2 , which also 274 includes a description of lines of evidence used to infer these (in most cases 2 supporting 275 lines of evidence exist). along with NO 3 and possibly even Ca 2+ and Clin the aquifer, as is discussed further below. 
